Research on motivational processes in attention deficit/hyperactivity disorder (ADHD) focuses on reward. Studies with punishment are limited and findings mixed. This study evaluated the effects of punishment on response allocation in Japanese children with and without ADHD. Thirty-four children meeting DSM-IV criteria for ADHD and 59 typically developing control-group children completed an operant task in which they choose between playing two simultaneously available games. Reward was arranged symmetrically across the games under concurrent variable interval schedules. Asymmetric punishment schedules were superimposed with responses on one game punished four times as often as responses on the other. Children with ADHD showed greater behavioral sensitivity to punishment than controls. They allocated significantly more responses to the less frequently punished alternative and were more likely to play this game on consecutive trials and responded more slowly to the more punished game. Control group children allocated their responses evenly across games. Punishment exerted greater control over the behavior of Japanese children with ADHD than controls, similar to findings with children from Western countries, suggesting this is a common characteristic of the disorder. The behavior of typically developing Japanese children, while demonstrating awareness of punishment, was not controlled by the frequency of its occurrence.
Introduction
Motivational accounts of attention deficit/hyperactivity disorder (ADHD) propose that altered processing of reinforcement contingencies contributes to the disorder's symptoms (Luman et al. 2010) . These hypotheses emphasize sensitivity to positive reinforcement, and this is reflected in the research literature (e.g., Luman et al. 2005; Alsop et al. 2016) . Despite recognition that behavior is affected by both positive and negative consequences, the sensitivity of children with ADHD to punishment has received limited theoretical and experimental attention.
In daily life, ADHD is associated with inappropriate risktaking behavior in children (Badger et al. 2008; Garzon et al. 2008) , adolescents and adults (Flory et al. 2006; Thompson et al. 2007 ; Lee et al. 2011) , possibly reflecting reduced sensitivity to negative outcomes. In experimental settings, children and adolescents with ADHD have sometimes been shown to make more risky choices during gambling tasks with a penalty component (see Groen et al. 2013 for a review), leading to suggestions that children with ADHD are less sensitive to the effects of punishment than their typically developing peers. However, these findings could also be explained by suboptimal decision making. Pollak et al. (2016) have shown equalizing the expected value of risky and safe choices leads to a similar number of risky choices in those with ADHD and controls. Using a sequential risky decision-making task (Balloon Emotional Learning Task), Humphreys et al. (2018) also found ADHD status was not associated with increased risk taking. Rather they suggest Electronic supplementary material The online version of this article (https ://doi.org/10.1007/s1240 2-019-00307 -6) contains supplementary material, which is available to authorized users. learning during decision making may be more difficult for children with ADHD.
Mild punishment (response cost) has been shown to reduce off-task or maintain on-task behavior in children with ADHD (Worland 1976; Rapport and Bailey 1982; Rosén et al. 1984) and to enhance their performance on cognitive tasks (e.g., Crone et al. 2003; van Meel et al. 2005; Drechsler et al. 2010) , with some studies reporting improved performance in those with ADHD only (e.g., Iaboni et al. 1995; , indicating intact or possibly heightened behavioral sensitivity to punishment. This interpretation is consistent with the recent findings of Furukawa et al. (2017) . Using a concurrent schedules procedure, they demonstrated that punishment exerts greater control over the response allocation of children with ADHD with increased time on task, i.e., children with ADHD are more sensitive to the cumulative effects of punishment than typically developing children.
While this recent study by Furukawa et al. (2017) argues that children with ADHD are more, rather than less, sensitive to the effects of punishment, additional research is needed to clarify the nature of altered sensitivity to punishment in children with ADHD. This should include research with non-Western populations, using the same or similar experimental paradigms to facilitate cross-cultural comparisons. Such studies are critical in determining if the link between altered motivational processes and ADHD generalizes across cultures. Sample diversity becomes increasingly important as Western-styled behavior management programs, relying on the use of reward and negative consequences to manage children's behavior, are progressively adopted into nonWestern cultures (Thompson et al. 2017) . We identified only one study assessing punishment sensitivity in children with ADHD from a non-Western culture. Masunami et al. (2009) reported Japanese children with ADHD attended less to punishment than controls on a variant of the Iowa Gambling Task.
In this study, we evaluate the sensitivity of Japanese children with and without ADHD to punishment using the operant task described by Furukawa et al. (2017) . The children completed a computer task in which they chose between playing two simultaneously available games (response alternatives). The two games arranged equal rates of reward using concurrent variable interval (VI/VI) schedules, over which punishment schedules were superimposed such that responses on one game were punished four times as often as responses on the other. The asymmetric punishment schedule, superimposed on the symmetric reinforcement schedule, should bias responding toward the less punished response alternative as demonstrated previously (Critchfield et al. 2003; Rasmussen and Newland 2008; Furukawa et al. 2017) . The size of the bias provides a quantitative measure of the degree to which punishment exerts control over behavior. Any group differences in behavioral sensitivity to punishment will appear as differences in this response bias.
If symptoms of ADHD are mediated by altered sensitivity to motivationally significant events, then children with the disorder would be expected to respond similarly to punishment, irrespective of their cultural background. Thus, we predict Japanese children with ADHD will show increased sensitivity to the cumulative effects of punishment as previously shown in American and New Zealand children with ADHD (Furukawa et al. 2017) . If the children with ADHD allocate more of their responses to the less punished alternative, they will require additional trials to receive rewards, as these are arranged equally across the two games (Furukawa et al. 2017) . Immediate effects of punishment might be reflected in slowed response times following a loss and a shift away from the punished game (Furukawa et al. 2017) .
The sensitivity of typically developing Japanese children to punishment is more difficult to predict. While the neurobiology underlying responses to positive reinforcement (Wickens et al. 2003; Pan et al. 2005) , and to a lesser extent punishment (Seymour et al. 2007; Jean-Richard-Dit-Bressel et al. 2018) , are well established, there is some evidence that responsiveness to contingencies is environmentally mediated (Rothbart and Ahadi 2000; Kennedy et al. 2016) . In Japan where humility is highly valued, the use of self-criticism and negative feedback to improve oneself and others is more normative (Kitayama et al. 1997; Heine et al. 1999 ). It is not clear if increased prior exposure to negative feedback will lead to increased behavioral sensitivity to punishment among typically developing Japanese participants, or if they will have habituated to its effects (Rothbaum et al. 2000) .
Method
Ethical approval for the study was obtained from the Human Subjects Research Review Committee at the Okinawa Institute of Science and Technology (OIST) Graduate University, Japan. Participating parents, teachers, and children were volunteers and provided written consent.
Participants
Data from 93 children aged between 6 and 12 years, 34 meeting DSM-IV diagnostic criteria for ADHD (85% boys) and 59 control group children (49% boys) living in Okinawa, Japan, are included in the study. The majority of children lived in a two-parent household, and the household income and number of siblings living together were similar for the ADHD and control groups (see Supplemental Table 1 ). Within the ADHD group, 16 children met the diagnostic criteria for inattentive and 18 for combined type ADHD.
Inclusion criteria were an estimated IQ of at least 70, normal or corrected vision, no past or current head injury, neurological disorder or psychosis, and native Japanese speakers. Comorbid conditions were allowed if the above inclusion criteria were met (Table 1) . Children in the ADHD group were recruited through a University ADHD Research Center. Local schools, clinics, and parent support groups were informed about center's research. Interested parents contacted the center for additional information and participated in a telephone screening interview. Those reporting three or more symptoms of ADHD in their child were invited to participate in the center's research which included multimethod, multi-informant research diagnostic assessments for ADHD. Assessments were carried out by a research team including a US-licensed, bilingual (Japanese and English) clinical psychologist (EF), and Japanese-speaking clinicians with advanced counseling or other relevant degrees, all experienced in working with children with ADHD.
Assessments took place over three days. On the first day, clinical and semi-structured diagnostic interviews [K-SADS-PL Disruptive Behavior Disorder sections (Miyawaki et al. 2003) ] were conducted with the parents (typically the mother). During the next 2 days, the child completed tests of cognitive and academic functioning, a child interview, other tests necessary for differential diagnosis and experimental tasks, including the current paradigm. The parent interview, parent and teacher completed rating scales for ADHD symptoms [SNAP (Inoue et al. 2014) ] and observations of the child's behavior during the assessment were used to make best estimate research diagnoses of ADHD. Parent and teacher completed broadband rating scales [CBCL/ TRF (Itani et al. 2001; Kawauchi et al. 2011) ] screened for other behavioral and emotional problems (Supplemental Table 1 ). A background questionnaire, developed by the research team, inquired children's past and current medical conditions, medication intake, pre-natal, and post-natal development, academic, social and daily functioning as well as demographic information. Cognitive functioning was assessed with the WISC-III (Wechsler and Japanese WISC-III Publication Committee 1998) and WISC-IV (Wechsler and Japanese WISC-IV Publication Committee 2010).
For inclusion in the ADHD group, children were required to display a minimum of six symptoms of inattention and/ or hyperactivity/impulsivity in at least one setting, evidence of symptoms in a second setting, and functional impairment from symptoms, based on parent K-SADS interview summary scores, together with other available data (parent and teacher SNAP ratings and behavioral observation during testing).
1 Four children were prescribed stimulant medication (Concerta), which was discontinued for at least 24 h prior to study participation. One of these children was concurrently prescribed a non-stimulant medication (Strattera), the last intake was the evening before the assessment. Sixteen children had at least one comorbid condition, including five with oppositional defiant disorder (ODD), and nine with a past diagnosis of Autistic, Asperger's or other pervasive developmental disorder (PDD) and demonstrating behavioral characteristics consistent with Asperger's disorder at the time of the assessment, without significant cognitive or language impairments. The high rate of comorbid PDD is consistent with the prevalence rate observed in psychiatry practices in Japan (Yoshida and Uchiyama 2004; Takanashi et al. 2014 ) and may reflect families of children with more severe impairments seeking evaluation. None of the children met criteria for conduct disorder (CD).
Children in the control group were recruited through invitation letters sent home to parents through public schools. These children completed an abbreviated IQ assessment (WISC-III Vocabulary/Block Design). Their parents and teachers completed the behavior rating scales, which ruled out the presence of ADHD or other behavioral or emotional disorders. Those demonstrating fewer than three symptoms of either inattention or hyperactivity/impulsivity were included. Parent and teacher ratings for these children did not yield any scores in the clinical range on any of the problem behavior scales (CBCL/TRF). Parental questionnaire reports of medical and developmental history were reviewed for other inclusion criteria. Table 1 presents the sample characteristics of the ADHD and control groups. No significant difference was identified for estimated IQ scores. The mean age of the control group was significantly older than the ADHD group (t(91) = 3.33, p < .01), and the ADHD group included a higher proportion of boys (x 2 (1, N = 93) = 12.00, p < .01).
Experimental task
The children sat approximately 400 mm from a flat-screen monitor with a mouse. The task (Supplemental Figure 1 ) began with the computer presenting the instructions that were read aloud by the experimenter. Two 2 × 2 grids of cartoon characters were presented on the screen, one on the left (Game 1) and one on the right (Game 2), with a center window displaying accumulated points. All children began with a balance of 20 points. They were told they could switch between playing the two games as often as they liked and they should win lots of points to get a prize after the task ended. A mouse click on a button below each grid made the characters in the selected game spin for 3000 ms. Whenever the four characters matched (reward trial), 10 points were added to their total, a randomly selected animated cartoon was displayed for 2500-3000 ms and a congratulatory "tada!" sound played. Whenever four sad-faced characters appeared together (punishment trial), 5 points were taken away from the child's total and a laughing sound "ha ha ha!" played for 5000 ms. A mismatch of characters had no associated outcome (non-consequential trial). Once a choice was made, the response buttons were disabled until the trial was complete, including outcome delivery. The task continued until the child accumulated 400 points or completed 300 trials, whichever occurred first. All children completed at least 200 trials and received a small prize. Sessions typically lasted 30-35 min. Rewards became available every 10 s on average arranged equally across the two games (VI/VI). Such concurrent variable interval schedules usually produce near equal allocation of behavior across the two response alternatives (Baum 1981; Borrero et al. 2010) , including in children with ADHD (Taylor et al. 2010 ). The following constraints were programed: for each successive set of 12 rewards, each game delivered 6 rewards, randomized within each set; thus the longer a child played and won points on one game, the greater the likelihood the other game was scheduled for the next available reward. This ensured each child obtained the same arranged distribution of rewards in earlier and later trials and discouraged playing on one game exclusively. For each child, an equal percentage of trials were rewarded across the two alternatives; however, the percentages of trials rewarded differed between participants depending on how they allocated their responses. Rewards were never delivered on the first trial after switching games to avoid adventitious reinforcement of switching behavior (Stubbs and Pliskoff 1969) , while the VI/VI reinforcement schedule encouraged the child to explore both games.
Punishments were arranged asymmetrically across the two games and were superimposed over the reward schedules. Each response on Game 1 had a 16% chance of being punished, with a 4% chance for Game 2. The rates of reward and punishment were chosen, so children should, overall, win more points than they lose. These schedules were maintained throughout the task.
Data collection and analyses
On each trial, the computer recorded the game chosen, the outcome (win, loss or no outcome), and response time (recorded from the time the response buttons became available, after outcome presentation, until a response was made).
Response bias (log10 b) was calculated by the following equation:
Scores above zero indicate a systematic preference for the less frequently punished response alternative.
Response bias, number of each outcome type, and median response times were calculated for each block of 100 trials. Mean scores were compared between the ADHD and control group for the first and second blocks of 100 trials, as all participants completed at least 200 trials before accumulating 400 points.
Instances of playing the same game for two consecutive trials (stays) were counted across blocks for each participant. The proportion of "stays" (number stay trials/total trials) were calculated separately for Game 1 and Game 2. These proportions were subjected to logit transformations; i.e., log 10 (proportion/(1 − proportion)), group comparisons were made over the first 200 trials.
Counts were also made for stays following each trial type and converted to proportions for reward, punishment, and non-consequential trials (stay trials of one trial type/ total trials of that type). Group means were obtained for the log 10b = log 10 responses to Game 2 (less punished) responses to Game 1 (more punished)
logit-transformed values of these proportions across blocks. The proportion of stays were compared for punishments versus no outcomes, the proportion of stays following rewards was examined separately, over the first 200 trials. Trial types were separated this way as the first response after switching games was never rewarded, increasing the expected proportion of stays after non-rewarded trials compared to rewarded trials. Finally, median response times were calculated for each game and following each trial type for comparison within the control and ADHD groups over the first 200 trials. Mixed ANOVA using SPSS GLM compared the performance of the ADHD and control groups, unless otherwise specified. Age and gender were included as covariates in all the analyses given the significant group differences on these variables.
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Results
Task performance
The number of wins, losses, and no-outcomes experienced during the first two blocks of 100 trials was compared across the ADHD and control groups (Table 2 ). There was a main effect of group for the number of wins (F(1, 89) = 6.27, p < .05), with the control group children experiencing significantly more wins. There were no group differences for the number of losses and no outcomes. Consequently, control group children earned more points over the two blocks of trials than children in the ADHD group (F(1, 89) = 6.53, p < .05). Twenty-two children (37.3%) in the control group, versus three children (8.8%) in the ADHD group, reached 400 points before completing 300 trials. Table 2 Means and standard errors for the bias score, proportion of stays, median response time, and performance (number of each outcome type and points accumulated) for each block of 100 trials for the ADHD and control groups Adjusted for age and gender, 110.57 (in months) and 1.38 (1 = male, 2 = female) for the first and second block, 109.59 (in months) and 1.31 (1 = male, 2 = female) for the third block, respectively. Statistical analyses were conducted for the first and second blocks 
Response bias
Children in the ADHD group demonstrated a significantly larger bias toward the less frequently punished game compared to controls (group main effect: F(1, 89) = 4.04, p < .05) (Fig. 1) . One-sample t-tests indicated the bias scores of the ADHD group were significantly different from zero for the first (t(33) = 2.81, p < .01) and second (t(33) = 3.69, p < .01) blocks. Those of the control group were not significantly different from zero (t(58) = 1.95, p < .10 for both blocks).
Frequency of stays
Across blocks
Analysis of the logit-transformed values of the proportion of stays indicated that children with ADHD were more likely to play the same game for two consecutive trials throughout the two blocks (group main effect: F(1, 89) = 6.30, p < .05).
Across games
A comparison of the proportion of stays on Game 1 (more punished) versus Game 2 (less punished) yielded significant Game x Group interaction (F(1, 89) = 7.13, p < .01) and group main (F(1, 89) = 5.97, p < .05) effects (Fig. 2a) . Post-hoc comparisons indicated children with ADHD were more likely to play the same game for two consecutive trials on the less punished than more punished alternative (F(1, 33) = 16.90, p < .001). This resulted in the significant group difference on the less punished game (F(1, 89) = 9.83, p < .01), with children with ADHD demonstrating a higher proportion of stays compared with controls.
Across outcome types
Examination of the proportion of stays following punishment versus non-consequential trials (across the two response alternatives) showed a trend toward main effects for outcome (F(1, 89) = 2.78, p < .10) and group (F(1, 89) = 2.89, p < .10) (Fig. 2b) . Post-hoc comparisons indicated both groups were less likely to stay after a punished than a nooutcome trial (ADHD: F(1, 33) = 32.98, p < .001, control: F(1, 58) = 10.89, p < .01). One-way ANOVAs indicated no significant group difference on the logit-transformed proportion of stays following a punished or rewarded outcome, while children with ADHD were more likely than controls to stay on the same game following a non-consequential trial (F(1, 89) = 5.59, p < .05).
Response time
Across blocks
Median response times declined significantly over the two blocks for both groups (block main effect: F(1, 89) = 5.66, p < .05), children responded more quickly with increased exposure to the task. A main effect of group was also observed (F(1, 89) = 4.90, p < .05); children with ADHD responded more quickly than the controls during the first block of 100 trials (F(1, 89) = 7.49, p < .01).
Across games
A comparison of response times for Game 1 (more punished) versus Game 2 (less punished) yielded a significant Game x Group interaction (F(1, 89) = 11.21, p < .01), together with Game (F(1, 89) = 4.44, p < .05) and Group (F(1, 89) = 4.65, p < .05) main effects (Fig. 2c) . Children with ADHD responded more quickly on the less punished than the more punished game (F(1, 33) = 13.39, p < .01).
The median response times of the two groups were similar on the more punished alternative, while the ADHD group was significantly faster than the control group on the less punished alternative (F(1, 89) = 11.78, p < .01).
Across outcome types
Examination of median response times after each outcome type showed a significant Outcome x Group interaction (F(1.15, 102.43) = 7.11, p < .01, Greenhouse-Geisser correction) (Fig. 2d) . The slowest response time was observed on trials after rewards, followed by punishments and nooutcomes for both the ADHD (F(1.06, 34.98) = 11.07, p < .01, Greenhouse-Geisser correction) and control (F(1.94, 112.59) = 20.70, p < .001, Greenhouse-Geisser correction) groups. Post-hoc comparisons indicated the ADHD group children were significantly faster than controls after non-consequential trials (F(1, 89) = 10.37, p < .01). The ADHD group was slower than the control group following rewarded and punished trials, but these differences were not significant.
Discussion
This study assessed the effects of unequal frequency of punishment on the response allocation of Japanese children with and without ADHD, using a concurrent operant procedure. Children with ADHD showed greater behavioral sensitivity to punishment than their typically developing peers, evidenced across a range of outcome measures. Children with ADHD showed a clear preference for playing the game associated with the lower frequency of punishment. Their bias scores were appreciably different from zero and significantly higher than controls across both blocks of trials. Typically developing children allocated their responses more evenly across the two games, their bias scores only marginally different from zero. These results are consistent with earlier studies showing the behavior of children with ADHD is influenced by punishment and offer further evidence that they are more sensitive to the effects of punishment than their typically developing peers (Furukawa et al. 2017 ).
Group differences in "stay" behavior were also found. In the controls, the rate of playing the same game on two consecutive trials was similar across the alternatives. Children with ADHD stayed less on the more punished alternative, playing the less punished alternative on two consecutive trials more often than controls. While repeating the same action is adaptive in some circumstances, i.e., the first response after a game switch was never rewarded, staying too long on the "safer" game reduced opportunities to win points. Control group children experienced more wins and accumulated more points faster than those with ADHD.
A similar pattern was seen for response speed. Children with ADHD responded more slowly on the more punished alternative, suggesting a hesitancy to engage with this game. Both groups of children slowed their responses immediately after punishments and rewards. This effect was more pronounced for children with ADHD. These findings suggest the response times of children with ADHD are impacted more by motivationally significant events than those of controls.
We employed the same experimental paradigm as Furukawa et al. (2017) , allowing direct comparison of the results of the two studies. In both, the behavior of children with ADHD was more sensitive to punishment than their typically developing peers. In Furukawa et al. (2017) , group differences in response bias emerged with increased time on task, leading the authors to suggest the effects of punishment are cumulative in children with ADHD. In the current study, group differences were evident earlier in the task, an effect driven by the low bias scores of the control group children. Children with ADHD in both studies evidenced similar responses to punishment, i.e., comparable mean bias scores that increased from the first to the second block of trials. The similarity in the performance of children with ADHD in the current study and that of Furukawa et al.(2017) , suggests increased behavioral control by punishment may be a common characteristic of children with ADHD, irrespective of culture or country of origin 3 .
Altered neurobiological processes may underlie such increased sensitivity to punishment in ADHD; however, possible causal mechanisms have received little attention to date. Learning history, i.e., increased prior experience of punishment, may play a role. Children with ADHD engage in higher rates of inappropriate behavior in some situations; as a result, they are likely to receive more negative feedback than their peers (Seipp and Johnston 2005; Triguero Veloz Teixeira et al. 2015) . In addition to increased sensitivity to punishment, poorer tracking of rewards may have also contributed to less advantageous response allocation in the ADHD group (Pollak et al. 2016) . Executive functioning deficits, including working memory, are documented in children with ADHD (Willcutt et al. 2005) .
The current findings are consistent with previous reports indicating the behavior and performance of children with ADHD are modified by response cost and negative feedback (e.g., Worland 1976; Rosén et al. 1984; Carlson and Tamm 2000; Drechsler et al. 2010) . In contrast, increased risktaking has been reported and interpreted as reduced punishment sensitivity in ADHD (see Groen et al. 2013) . In these paradigms, predominantly gambling tasks, greater risks are often accompanied by better payoffs. The current study used a simple operant paradigm, in part to reduce confounding influences of decision making or task difficulty. Multi-modal negative consequences, used to increase the outcome saliency and ecological validity, may also have influenced the study results. In the current paradigm, the negative outcome included a loss of points (response cost) and the sound of laughter (positive [social] punishment). In everyday life, response cost (e.g., loss of privileges, time out) is often accompanied by positive punishment (e.g., scolding by a parent, humiliation). How the children with ADHD would have responded to response cost alone is an open question.
Typically developing Japanese children demonstrated very little response bias during the task. This did not arise from a lack of awareness of punishment. They responded more slowly and were less likely to play the same game after punished than non-consequential trials. Thus, while these children were sensitive to individual occurrences of punishment, their overall response allocation was influenced less by the frequency of punishment. These data argue against simple habituation, which would predict reduced immediate (response time, stays) and overall (bias) effects of punishment. For the Japanese control group children, having initially distributed their responses more evenly across the two games, they experienced significantly more wins and accumulated more points than the children with ADHD. This higher rate of reinforcement may have helped maintain their more even response distribution across the two games, resulting in a lower bias. Interestingly, control children who completed all 300 trials evidenced an increase in their bias toward the less punished alternative during the third block of 100 trials. This is consistent with the other evidence that typically developing Japanese children are not insensitive to punishment.
Cultural expectations that one should persist, despite adversity, referred to as gaman in Japanese (Hirasuna 2005) , may help explain these children's continued responding on the game that punished them more often. Gaman is to suffer and endure the unbearable with patience and dignity and is considered as a virtue in Japan. Children are often taught to exercise gaman when presented with pain, failure, loss, criticism, etc., for better eventual outcomes for oneself and/ or others. Control children in the current study kept going back to the more punished response alternative, even though they shifted away from that game immediately after punishment. This ability to return to the more punishing alternative may be encouraged by previous experiences of persisting through adversity.
In recruiting children in a country where the recognition of ADHD has a shorter history than in many Western countries, care was taken to ensure accuracy of group membership through detailed data collection and conservative application of diagnostic criteria. Age and gender differences were controlled in the analyses. Sample sizes are moderate only, because of this we did not carry out separate analyses for ADHD subtypes, comorbidity, or those completing all 300 trials versus those reaching 400 points earlier 4 . Given the restricted range of ADHD symptoms within each group, the analyses focused on ADHD versus control group differences. Data from children with significant cognitive and language impairments were excluded. The rate of comorbid Asperger's disorder symptoms is high and ODD low. In Japan, the availability of psychological services is limited, with elevated stigma for help seeking (Ando et al. 2013; Miyasaka et al. 2018) . Families of children with severe neurodevelopmental impairments may have been more likely to volunteer for research offering comprehensive assessments. However, the high rate of co-occurring ADHD and pervasive developmental disorder (PDD) is consistent with Japanese patient profiles (Yoshida and Uchiyama 2004; Takanashi et al. 2014) . While the rate of comorbid PDD raises questions about the specificity of the current findings, the response style of the Japanese children with ADHD is highly consistent with the larger sample from New Zealand and North America reported by Furukawa et al. (2017) . This increases our confidence in the findings, despite sample limitations. Nonetheless, questions remain whether increased punishment sensitivity is unique to ADHD, shared across disorders, and/or relates to functional impairments.
Clinically, the current findings argue for additional caution in the use of punishment in the behavioral management of children with ADHD. Additional studies examining the effects of response cost versus positive punishment will help inform best practices. In this study, the children's avoidance of punishment led to poorer, rather than better, task performance, i.e., accumulation of fewer points. For children with ADHD, praise and positive attention for appropriate behavior should be emphasized. Where punishment is judged necessary, its behavioral and emotional impact should be closely monitored. This may require additional vigilance in cultures emphasizing uniformity over individualization of behavior management practices and correction of behavior through negative feedback (Markus and Kitayama 1989; Heine et al. 2001) . Furthermore, the lower behavioral sensitivity of typically developing Japanese children to punishment may create a negative halo effect for children with ADHD. Their increased sensitivity to punishment being perceived as more deviant and reflecting a lack of endurance, a trait that is highly valued in Japanese culture (Berrien 1966; Hirasuna 2005) .
Conclusion
Japanese children with ADHD showed increased behavioral sensitivity to the effects of punishment, offering further support for altered motivational processes contributing to symptoms of ADHD across cultures. The differences in the performance of the typically developing children in this study, to those reported previously, highlight the importance of culturally appropriate comparison groups in experimental research and clinical practice.
Cultural expectations for children's behavior vary, as do sanctions for failure to meet such expectations. This may result in differences in the degree of functional impairment experienced by children with ADHD in different cultures, despite their similar behavioral responses to punishment. The challenge may lie in persuading families, teachers, and service providers of the universality of increased sensitivity to punishment in ADHD and the need for caution in its use with this population.
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